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[57] Abstract: 

PROBLEM TO BE SOLVED: To isolate the above enzyme, derived from a coryneform 
bacterium and capable of catalyzing a pentose phosphate cycle according to a gene 
recom bination technology. SOLUTION: This glucose 6-phosphate dehydrogenase has an 
amino acid sequence represented by the formula. The enzyme is obtained by 
expressing a DNA (hereinafter referred to as a zwf gene), obtained from a 
chromosome of a coryneform bacterium, isolated and determined from a Brevibacterium 
flavum ML-233 (FERM BP- 1497) strain and capable of coding the glucose 6-phosphate 
dehydrogenase in a coryneform bacterium. When the coryneform bacterium is 
transformed with the zwf gene, a bacterium capable of highly producing the glucose 
6-phosphate dehydrogenase is obtained. 
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mxm i ] mm<Dmm^ 1 w&<dt $ / wsm 

ft KD^t-f*3 - KtSDNAo 

3 ] wmtoysmtt i B*©jfi£EJW e 

-6-lJyift Kn^t-f*3-Kt5DNAo 
[0 0 0 1] 

[0 0 0 2] 

[EC 1. 1. 1. 4 9] It ^h-^U V^IbISS 

V»tNADP + t 

JS«4«feW:3i^3i ytT-^y (Escherich 
i a c o 1 i ) &&<DilLfc^- [ J . Bacteri 
o 1 . , Vol.17 3, p. 968 (199 
1) ] , 01/^^7^ r^T • ^ y i^-^ir^ (Erwinia 

chrysanthemi) SSSOfift-^- [Gen 
e, Vol.101, p. 5 1 (19 9 1)], n 
^n/^h-/^ '^iryTn^ff^ (Leuconos 
toe mesenteroides) fi^lWiSfi^?- 
[J. Biol. Chem. , Vol.2 6 6, 
p. 13028 (1991) ] ¥8££tK *<D 

[0003] Ud»t4*e>. TS/K^iiW, MISI±J£ 

[0 0 0 4] 

KKv^td»e>, ay+aiNBMrt-caanrffiftay^a 
i^tnsa-K-rsDNA^d^asttr^fco 

[0 0 0 5] 

6 - y yftffc Kn^-- ^*5±tftJxS:=3- K1" 
5DNA^*RTiB-C*)5r4:Srav^au 

e?ij#^§- 1 um<dt * y waw-e* $ n s ^ =■ - * - 

NAiC#1-5 0 



[0 0 0 6] 

[*wa>ssifca>7gji] ^-6-y v» 

ft Ko^t-f - KtSDNA (KT. 

z w f itfc^BJ&E-f £) tt, 3y*SfflM<0Sfefefl£D 
NA, ^ffrftKH, yi/tV<^^y ?A • 7 7^ (B 
revibacter ium f lavum) M J — 2 
3 3 (FERM BP- 1 4 9 7) t*a*&KTfci&^5 

[0 0 0 7] 41% ±8B=>y*ffl«l*Sr»«fe [W£H% 
#IBfl85 1-l 30 5 9 2^«#flR] U 
«**^e>a#Sr*», ttWM»&Jfe6#DNA&ttW 
i"So 5fefi#DNAIt «£H% *SBB¥5- 1 5 3 7 8 
1 (A) 

^3-^-6 -y y|ft Koy^— *<o— ftflliio 
*Htt<oi«^»^e>j!!iBRUfc^y =^;*-*i/y 

(pcr) Z wfSft^ai5)»^R^i: 
[0008] mmKzmmtLx, %k&ftDNAmmm 

V\ ^4<fcfczwf»tf©-ffl**tN M*DNA 

wf ae^oss^Bf^&UFfflirL-c, ae^-^y^y 
-a f i x i i H/7-^^^y^^>3y 

[0 0 0 9] r<0Jte6ft:DNAK^S:*S<ir«WR»*Sr 
JHl*TS0 9aiU »bftfcDNA»tf«:a34*n-;=. 
>^<^*-. WilfpUCl 1 8 (SjgitJJ) -f-^ 

^ d-^^^l, 31^31 y br-=iyjMio9tt (s 

M«r»3£1-5^i:^J:0, **W<0 z w f Jte^Sr^t? 
DNA®r)t^Mt6 r t #-e# 5 0 

[0 0 10] r©DNA»f^<o«SE?OWt, s^**^ 
X ^ i^f- KBMRft [dideoxy chain t 
ermination ifc ; S a n g e r , F et 
a 1. , Proc. Nat. Acad. Sc 
i . USA, Vol. 7 4, p. 546 3, 

(1 9 7 7)] fc±9fc£-t-5^i:a s -e#3. rcDj;^ 
{CLT»SLfc±IB**S»2 k bCODNAW^^IB 
Jl«r*eE?O*0>E#l## 1 l^-To - <oE?iJ*(-#£ 
t5t-^y 9 ^ v-A^e>, #3893 <d^A' 
3-^-6-y>«ftKnyt-*tt, sajij#^ii5 
ftwr^yKE^i d*e>4 8 4-e*s*i*r^/»s 

M3ft*e>40. 4fc**L«r=i-KraDNAtt, 0S;tW% 
E#l#* 1 !E#£>J6£E5U 6 2 9#l^f>2 0 8 3 
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[0011] **Wt-*3^S z wfifim ^Offl 
rA- 1^5^ (S y s t em- 1 Plus) Srffll/* 

So 

[0 0 12] 

(A) ^l/tT/^^xy £A • 2 3 3(0 

£DNA(Otttrj 

yt/tV^r }) $ J* • 7 7^AM J — 2 3 3 (FERM 
BP- 1 4 9 7) Sr, *^ril«»-e*)SA«fJft [» 
2g, (NH 4 ) 2 S0 4 7g, K 2 HP0 4 
0. 5g. KH 2 P0 4 0. 5 g. MgS0 4 * 7 H 2 

0 0. 5 g. F e S0 4 - 7H 2 0 6mg, Mn SO 
4 -4-6H 2 0 6mg, SfSx^ 2. 5g,#1f 

s/R 5g, my 200/ig, Mf7;y 

2 00/zg, ^3-^ 2.0 g&aSB*fc«#LTl 

y y h^t-rs] i y y ^*r#aw^«#*-o# 

[0 0 13] ^btltzMfcZV /f-ASrl Omg/m 

1 DM : 10mM NaCK 
20mM hy^ig^ (pH8. 0) , ImM ED 
T A • 2 N a ] ISmlClStfCo BEBSfflEld^nr- 
■J-HfKS: 100/ig/ml -eSSiD L N r ti 
£3 zt-ClftB^v^-Mfc, SctC* Kt^a- 

u so^-ce^Ffl^y^^^-hurms^^rfco # 

^10-12^20^ 5, 0 0 0 X g <Bjg'fr5>H 
9, rixSr7 0%3i^/— ^-eac»L"CJRRLfco 



JxfcDN Ai3 x [*a^ : 1 0 mM h V *»»«C 

(pH7. 5) , ImM E DT A • 2 N a ] 5 m 1 £r 

*ox.r4 < tr— «»«Lfc«, H^tcttLfCo 
[ooi4] (b) z w f ae^o»»»r>i-^a» 

^V^y fcT • =* y (Escherichia col 
i) [J. Bacterid. , Vol.17 
3, p. 968 (1991)], A =~T * 2 } J 

^ (Erwinia chrysanthem 
i) [Gene, Vol. 101, p. 51 (199 
1) ] . *5J:U\ n>f3/^hy^ •yir>xo^7 f 
^ (Leuconostoc mesenteroid 
es) [J. Biol. Ch em. , Vol.2 
66, p. 13028 (1991)] ©^a-^- 
6 - y y»7t Kn^t- if £r^~ K-T5DNA«e^ 

-DNA£t£tf Lfc 0 

[0015] ^y^7 -i?*«EJS^-«£KTfc^ 

i" 0 [2 5^ ;/ h/ml Taq DNA^y^7" 

-t?, lomM hyx-msmmm (phs. o , 5 

0 mM KC K 1. 5 mM MgCl 2 , 0. 25m 
M dATP, 0. 25mM dCTP, 0. 2 5 mM 

dGTP H 0. 25mM dTTP, 0. 5//g/m 

1 ifefettDNAfiftotogat l^M 

AT (ATC) GA (TC) CA (TC) TA (TC) (TC) TIGGI AA (AG) GA (Sffllt 

*iiB«<ar ^jwbmi 7 4-i8i Sttckl-ckw- 

LfcSE^J : mmm^r2) . 1/iM 7 P 7-f^-2 : GGIA 
CICCI (TG) (GC)CCAIC {mm^ 1 1B«<0T S / ft£?l 3 

2 4-3 2 9 £tg(£ LT^tr LfcE?iJ : mm^r 3 ) , 
t LT 1 0 0 n 1 <0RJ&»-&«*fll^5 o ] 

£\ 5 5t-C2^ 7 2 < C"C3^Srl*>f^/Ut-r52 

5iM^/v-?fc$ 0 *LT±ESJ6t?»&ixfcDNA* 

[0016] *Jh,«h,*»»*3&S, 5 0 mM h V X- 
^Kfiflftt (pH7. 9) , 1 OmM MgC 1 2 , 2 
OmM v'ft^W h-;K ImM ATP, lun 
it/10/il T4DNA!l#-g , 50ng/l 
O/i 1 pGEM-W^- . 10ng/10/il 
PCRI^ ift5±5JJ:**»*aiJPL, l6*Ct? 
3«pPaSJ£**r. PCRSttDNASrJS'&S^rfco 

[0 0 17] o^t, tfi [J. Mol. Bio 
1., 5 3, 1 5 9 (1 9 7 0) #f] l^ot, 
nbtltzmm^m^X^y^ yt:T-^yjM109£ 

hy^hV 10g,»S^ 5g, NaCl 5 
g, 15g, T^tVyy SOmg.^y^n 

\?*3-irJ?y2 Y*/Y 0. 2 3 8 g, X-g a 1 
0. 2g, ^^f;^M7; K2m 1 Sr«5a*tc:«<|f 
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LT1 y y fc»#U 3 7t-C16« 

3£Lfc 0 

[00 18] r5 LT»&;hJh3P 7- 

>fcVy X«:*^fl|«-e5 0 /ig/ml £#1-5 LJg« 
^[hy^hV lOg, gfx^ 5g, NaCl 

5 g lt i y y h^t-rs] \mm 

0 8 , 0 0 0 x g oaiL^m^^^fCK^SrHJR 
Lfco 0lRLfcMft:d^T/^y-SDSffi [T. M 
aniatis, E. F. Fritsch, J. 

Sambrook, Molecular clon 
ing, p. 90-91 (1982) #J»] \C£<9 7 

[0 0 19] RIC. #6tifc^?^5 K^#A$*tfcSfc 
fefr**(35Jfi4 7 0 b pODNASf^OSSga^iJSr^y 5 

y . m/i^— ttSl*^ y 7s h 8 0 0^-l/^rix^— • s<4 
sfuis- • 5/3 >- (CATALYST 80 

0 Moleculer Biology Labos 
tation;Perkin-Elmer) ^/B^TT* 

S3 7 3 A DNA^^xyf-ici^y^^ KO 
#ADNAW>i-OifiaE5iJSrftSLfc. 
[0 0 2 0] St^UfclfiSiEjaSraiRLrftfeixS^^ 
^Kt, Rfei^ais/ai y tr • ^ y <r>y>vzi— 6 

ft^T/Utf/^x-f *A • 7 -2 3 30zw 

f (BJiJ*ofi^##iE«©ifiSEJ>J* 
H48#l^e>l6l4tl) tf&Sr i:dS*JML 

fc. 

[0 0 2 1 ] (C) zwfa^O^Wfr&^trtfefe 
frDN A«R»*Wr>i-(0** 

3fe£#DNA£ftJi&g?^B a mH I , EcoRK Hi 
n d I I I , Sail t?*tu-Ptt^#Lfco Cft^SrO 
n c o rttfiP r o b e tech 2 Srffl^TiHf > 

[0 0 2 2] ±|B, PCR^tlfezwfJie^S 
£(Mffc*I!fc. Hl:|iTT^^{tS [a- 32 P] 
dCTP AA0 0 0 5*ffl^ SSitttStRamd 
omPrimer DNA Labelling Ki 
t Ver. 2©#ffiT^n-^Sr8«Ufco 

him. o . 5 % vvnaaw- h y ^ a ( s d 

S) , 0. lmg/ml SIGMAttSSALMON 
TESTES DNA For Hybridiza 
t i o n (1 Omg/m 1) ] "C6 SXZV 2 BfRflT'U^ 
-Yyy^^">3^S:fTo/to ft*52 0 XSSC8« 



J±, £JLT«)*a^ [3M NaCl, 0. 3M ^ xy» 
h y ^ A] ,10 0 x^y^ h««c«t«Ta>fflja 

[2% ^awt/io^ 2% #y fc^A-tfp y k 

V, 2% t?*)5 D 
10 0 2 3] ±iB-eSI«Lfc^n-yS:Jnix., 6 5W 
-Bfe, iMfv^^y ^-tf— >3 VSrflofco 7^ 
^-£r2XSSC, 0. 1% SDST*65t;, 15ft 

1XSSC, 0. 1% SDS-C6 5U 1 5M1^ 

h 7^*^9:7 >r-£ftofc 0 S 

AS-2 0 0 04rfflV^ o 

[0 0 2 4] -<D&^ zwfie^M)!^ 
Jfeft*DNA«H»*»>t"0*:fr$tt, BamHlS 
fi\ E c o R I mft, H i n d I I I »K\ Sal Ii 
J*-**, *ft-«x» 2 k b , 3kb. 8kb. 10kb"C 

(D) zwfief«MfrmMffDNA B 

a mH i m^(omm 

0. 2% ^/l^h— X, lOraM MgSO 4 »i!)0L 
fcLB»*jKfc* ^v-^y tr^yP2 3 2 9£fit« 
U 3 7 < tT^Lfc 0 ^LXl&^y^^yV-XF 
1 X I I 7r-^4 00/i 1ICP 2 3 2 9 

3 7ttl5»H«*U. ft(-4ml(7)X h 

[0 0 2 5] ^ hnir/vn— — ^r^yu— h 

«±fc«#* JH*5£l«»aLfc (»«1 : [0. 5M 
NaOH, 1. 5M NaCl],S*2: [1Mb 
})X-&m (pH7. 5) , 0. 75M NaCl] , 
*g?&3 : 2XSSC) 0 ^/l^-fcRflkStffcSL 8 
0^3 0MMLT7^/^— DNA^ftL 
fc. 

[0 0 2 6] 7^;^-SrHT©S^»« [5 xs SP 
E, lxfy/v^M 5 0%*;^7U\ 0. 1 
mg/ml S I GMAttJSS ALMON TESTE 
SDNA For Hybridization (1 
Omg/m 1) ] KT4 2 , t, 1 BSPJlT'VWl/y *V 
if-^a V^t?o/t 0 2 0 XSSPE©JB^fi, 3. 6 
M NaCU 0. 2M NaH 2 P0 4 . 0. 0 2M 
EDTAtWo ±IE (C) «-?H»Lfc:/n— :/Sr»D 
4 2t"C-ft, /N^yy^if-v-3 V^rtTofco 

[00 2 7] 7^yV^-Jr5XSSPE, lxf^ 
hS«U 5 0% *;UA7S K«tt"C4 2*, 15 5MB 

xsspe, o . i % Kre^SM*-*- h y £ A«»-e 
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4 2<t\ 1 5^n«^(cfias-fr*dse>i*i^ufco ? 

y^T^7>Tif— BAS-2 0 0 Oil^fc, 
[0 0 2 8] 0ft7 P 7-^(Oy7h7^n^^^ 
X , 2 0 0 it 1 © S Mt£ffi0El£iR» Ufc 0 ±!B** 1 0 
i* 1 4\ 3 7 < CT*3-4^ig^Ufc^^y tT • 3 
U P 2 3 2 9^3 0 0 u 1 ifi-^U hy^r^n-^ 
^Jnx.r x-fu~ Hc*^fc 0 3 7t-e- 8Mg*U -f 
y—t ^mft^^:tc 0 :<Z)^i/-Fl:4mi cdsms^ 

*»jKJD;ifco *t"C5 f 0 0 0 rpmt*5MS^ 
U -bS«^£#fc 0 SfcfcDNa s eMRNa s e 
(***filitg/ml) 3 7tt?15» 

fiit *i©2 0% #y ^wy^y 3-/1/ 

^46, 0 00) -2M Na C 1 SrAOX., *±"C 1 
fiMBtt«Lfc«, 4^. 10, OOOrpmtMOM 

±a**^^i»* Lfc 0 2 5 0 M 1 <d h y * 

-EDTAt8»«&J0;fcT!HiBU 5/i 1010% K 

ri/^fitt h y 6 snc^s^inaitRa, 

10// 1 Na C 1 SrlPx., §1^7x7^/ 

^pn^Attt J:<!BjBLfco 1 2, 0 0 0 rp 

-Yy^nxy— /utfciRft, 7 0% ai^y— 

[0 0 2 9] £Jl±<0»f^-e»e>*Lfc X F I X I I DN 
A£B amH I "CSIHrLfco WWimZT ^fn— 
»Lt\ zw f afi^— 6B*^tpifefefrDNA«>Ba 
mHI*tffr4M!-»«Lfc. ^BamHlTO2 
k b*pUC 1 1 8ft^P--y^Lfco f-^^n 
-^>-^LfcB amH I i^2k b Sr^tP pUC 1 1 
8$:BamHIT«U B a mH I BrfrSrEUK Lfc G 

[0030] (E)zwf ae^f ±*<oiasiE^i*£ 

(D) «-eftb*lfc*| S»2 k bODNAifrSStt 
•JHB*S a u 3 A I £rffl^T3 rt^MltDNA 

C 1 1 8&ffiji6BNRB amH I -?#J#rLfc 0 Wfetlfc^ 

oa^atc-ttt^ttftjuaift^ 5 0 mM h y 

(pH7. 6) . lOmM v^ft^K H/K lm 
M ATP, lOmM MgCl 2 , ^il^luni t 
/ 10 n\ T4DNA!)^<!:/^i:9icMM 
«&QU ^^-DNAWif'tas^^lPDNAdf^tSr 

[0 0 3 1] ±|Stia«(C*#$*&2 k b£>DNA$r)t 
J»K«:«R»*Ta q I tS***T«5MW»DNA»f 
^SriSfiLfCo ^-^y^^-puc 1 1 8£$ij 
PH^SAc c I-C«]»Lfca, rtl^±iBtf^«icLT 



nmz£*) tr • 39 jmi 0 9t^^ 

[0 0 3 2] ±E»««»iCtirLfc*t**:»ft^«v^ 
«ft#*U »6ixfc«F««i9^?^5 KDNASrtt 
Wit ftWtf^y^; KDNASrffl^T, — 
puci 1 8tcifA$ixfcffl^«DNABr>T-<o«SE 

— hTyty^? 4 - (Autoassembler) 
[0 0 3 3] r co^m. mmt 1 E*©i6»E5iJ*co 1 

sa^bi 9 6 ssa^asEW^WMUfco ziizm 
tr • ^y 0^3— ^-6-y ytrt Knyt— ^ 

E®^Sffi^J*^6 2 9#Bj&»5> 1 9 6 SSB^^Ix 
fcf/^^r-f £A • 77^AMJ - 2 3 3<D^/^^ — ^- 

[0 0 3 4] (F) zwflfif©i!fiSE?M 

tf> MftE¥* Vol. 8, No. 9 (i 

TO) , p. 4 9 (1 9 90) «rfrofc 0 i-fSfefe 

frDNA^EcoRI-e^Uc c :(DDNA&»$: 
r^n--xy^«ft*«iLfc«, (C) -CWfetLfcte* 
=Sr#tiat3k bWa©DNA»«P»Sr^tpT^n- 

[0 0 3 5] :OTa- ^/np^f), B I Ol 0 1 
ttSGENECLEAN I I^fflV^TDNA^^ 
ttffiLfco ^LT^T^M [5 0mM hy*-i&& 
ttffftt (pH7. 9) , 1 OmMMgC 1 2> 2 0 mM 
^f^W ImM ATP, lunit/ 

10 j^l T4DNAy#— t? , 10/ig/ml ife 
ft#DNA©EcoRI»Wfc] fc45t5^#*»«: 

asanu i 6tt-^^t, DNA^MSe 

[0 0 3 6] 8tl^£\ 7^7^-^— *t [CTGAGCTGGAAGATTC 

tgg (m&m^ i fsM<omxsm(o i 9 4 3#@hi 

9 5 9#g : E?tJ#-^-4) , CGAAAGCTGCATCATCATC (E 

i &&<ommm9i<o 8 7 5#ihs93Sbo 

fflffigi:E?'J#^5) ] SrJHvvc, ±E©aE«^Jfefe 
ftDNA EcoRI»jH»» fit8rCsKy*9 

[0 0 3 7] #ibttfcDNA4rlfrE^*ffiT*pGEM- 

T^<^^-(r^L, ai^aiy tr-ny JM109T* 

^&-e*^ Lfc^m, mm i Ett<oissEM* 1 9 6 
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[oo3 8] Suisse*, K5*i*iK^*r*#*»2, ^y^M^K^wa&^-r^r t(^«t5, ^3-;*- 

<bftfc 0 ^TixSrfHBRUfc^v^lt^r^/ifc-ftWJt [0 0 4 0] 

tK*p<03i^3i ytr-^y ©^3—^- 6 - y ys [E?y&] 

9 , iEJiJ*(OE?lJ## 1 SEi&cD&gg^iJ* 6 2 9S KyiJtf>fi£ : 2 2 6 0 
I^b2 0 8 3il^l/tV^r>f!>A • 77^A : 

MJ-2 3 3^/l/3»^-6-yySft Kn^t- ga^J^M : 

la^cor ^ / mnmx*h z^t tmw i>tc 0 nm<omm Genomic dna 

[0 0 3 9] 



mm 












GATCCGATGA 


GGCTTTGGCT 


CTGCGTGGCA 


AGGCAGGCGT TGCCAACGCT 


CAGCGCGCTT 


60 


ACGCTGTGTA 


CAAGGAGCTT 


TTCGACGCCG 


CCGAGCTGCC TGTAAGGCGC 


CAACACTCAG 


120 


CGCCCACTGT 


GGGCATCCAC 


CGGCGTGAAG 


AACCCTGCGT ACGCTGCAAC 


TCTTTACGTT 


180 


TCCGAGCTGG 


CTGGTCCAAA 


CACCGTCAAC 


ACCATGCCAG AAGGCACCAT 


CGACGCTGTT 


240 


CTGGAACTGG 


GCAACCTGCA 


CGGTGACAAC 


CTGTCCAACT CCGCGGCAGA 


AGCTGACGCT 


300 


GTGTTCTCCC 


AGCTTGAGGC 


TCTGGGCGTT 


GACTTGGCAG ATGTCTTCCA 


GGTCCTGGAG 


360 


ACCGAGGCCG 


TGGACAAGTT 


CGTTGCTTCT 


TGGAGCGAAC TGCTTGAGTC 


CATGGAAGCT 


420 


CGCCTGAAGT 


AGAATCAGCA 


CGCTGCATCA 


GTAACGGCGA CATGAAATCG 


AATTAGTTCG 


480 


ATCTTATGTG 


GCCGTTACAC 


ATCTTTCATT 


AAAGAAAGGA TCGTGACGCT 


TACCATCGTG 


540 


AGCACAAAAC 


ACGACCCCCT 


CCAGCTGGAC 


AAACCCACTG CGCGACCCGC 


AGGATAAACG 


600 


ACTCCCCCGC 


ATCGCTGGCC 


CTTCCGGC 






628 


ATG GTG ATC TTC GGT GTC ACT GGC GAC TTG GCT CGA AAG AAG CTG CTC 


676 


Met Val He Phe Gly Val Thr Gly Asp Leu Ala Arg Lys Lys Leu Leu 




1 


5 




10 


15 





CCC GCC ATT TAT GAT CTA GCA AAC CGC GGA TTG CTG CCC CCA GGA TTC 724 
Pro Ala He Tyr Asp Leu Ala Asn Arg Gly Leu Leu Pro Pro Gly Phe 

20 25 30 

TCG TTG GTA GGT TAC GGC CGC CGC GAA TGG TCC AAA GAA GAC TTT GAA 772 
Ser Leu Val Gly Tyr Gly Arg Arg Glu Trp Ser Lys Glu Asp Phe Glu 

35 40 45 

AAA TAC GTA CGC GAT GCC GCA AGT GCT GGT GCT CGT ACG GAA TTC CGT 820 
Lys Tyr Val Arg Asp Ala Ala Ser Ala Gly Ala Arg Thr Glu Phe Arg 

50 55 60 

GAA AAT GTT TGG GAG CGC CTC GCC GAG GGT ATG GAA TTT GTT CGC GGC 868 
Glu Asn Val Trp Glu Arg Leu Ala Glu Gly Met Glu Phe Val Arg Gly 
65 70 75 80 

AAC TTT GAT GAT GAT GCA GCT TTC GAC AAC CTC GCT GCA ACA CTC AAG 916 
Asn Phe Asp Asp Asp Ala Ala Phe Asp Asn Leu Ala Ala Thr Leu Lys 

85 90 95 

CGC ATC GAC AAA ACC CGc GGC ACC GCc GGC AAC TGG GCT TAC TAC CTG 964 
Arg He Asp Lys Thr Arg Gly Thr Ala Gly Asn Trp Ala Tyr Tyr Leu 

100 105 110 

TCC ATT CCA CCA GAT TCC TTC GCA GCG GTC TGC CAC CaG CTG GAG CGT 1012 
Ser lie Pro Pro Asp Ser Phe Ala Ala Val Cys His Gin Leu Glu Arg 
115 120 125 
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TCC 'GGC ATG GCT GAA TCC ACC GAA GAA GCA TGG CGC CGC GTG ATC ATC 1060 

Ser Gly Met Ala Glu Ser Thr Glu Glu Ala Trp Arg Arg Val lie lie 

130 135 140 

GAG AAg CCT TTC GGC CAC AAC CTC GAA TCC GCA CAC GAG CTC AAC CAG 1108 

Glu Lys Pro Phe Gly His Asn Leu Glu Ser Ala His Glu Leu Asn Gin 
145 150 155 160 

CTG GTC AAC GCA GTC TTC CCA GAA TCT TCT GTG TTC CGC ATC GAC CAC 1156 

Leu Val Asn Ala Val Phe Pro Glu Ser Ser Val Phe Arg He Asp His 

165 170 175 

TAT TTG GGC AAG GAA ACA GTT CAA AAC ATC CTG GCT CTG CGT TTT GCT 1204 

Tyr Leu Gly Lys Glu Thr Val Gin Asn He Leu Ala Leu Arg Phe Ala 

180 185 190 

AAC CAG CTG TTT GAG CCA CTG TGG AAC TcC AAC TAC GTT GAC CAC GTC 1252 

Asn Gin Leu Phe Glu Pro Leu Trp Asn Ser Asn Tyr Val Asp His Val 

195 200 205 

CAG ATC ACC ATG GCT GAA GAT ATT GGC TTG GGT GGA CGT GCT GGT TAC 1300 

Gin lie Thr Met Ala Glu Asp He Gly Leu Gly Gly Arg Ala Gly Tyr 

210 215 220 

TAC GAC GGC ATC GGC GCA GcC CGC GAC GTC ATC CAG AAC CAC CTG ATC 1348 

Tyr Asp Gly lie Gly Ala Ala Arg Asp Val He Gin Asn His Leu He 
225 230 235 240 

CAG CTC TTG GCT CTG GTT GCC ATG GAA GAA CCA ATT TCT TTC GTG CCA 1396 

Gin Leu Leu Ala Leu Val Ala Met Glu Glu Pro He Ser Phe Val Pro 

245 250 255 

GCG CAG CTG CAG GCA GAA AAG ATC AAG GTG CTC TCT GCG ACA AAG CCG 1444 

Ala Gin Leu Gin Ala Glu Lys He Lys Val Leu Ser Ala Thr Lys Pro 

260 265 270 

TGC TAC CCA TTG GAT AAA ACC TCC GCT CGT GGT CAG TAC GCT GCC GGT 1492 

Cys Tyr Pro Leu Asp Lys Thr Ser Ala Arg Gly Gin Tyr Ala Ala Gly 

275 280 285 

TGG CAG GGC TCT GAG TTA GTC AAG GGA CTT CGC GAa GAA GAT GGC TTC 1540 

Trp Gin Gly Ser Glu Leu Val Lys Gly Leu Arg Glu Glu Asp Gly Phe 

290 295 300 

AAC CCT GAG TCC ACC ACT GAG ACT TTT GCG GCT TGT ACC TTA GAG ATC 1588 

Asn Pro Glu Ser Thr Thr Glu Thr Phe Ala Ala Cys Thr Leu Glu lie 
305 310 315 320 

ACG TCT CGT CGC TGG GCT GGT GTG CCG TTC TAC CTG CGC ACC GGT AAG 1636 

Thr Ser Arg Arg Trp Ala Gly Val Pro Phe Tyr Leu Arg Thr Gly Lys 

325 330 335 

CGT CTT GGT CGC CGT GTT ACT GAG ATT GCC GTG GTG TTT AAA GAC GCA 1684 

Arg Leu Gly Arg Arg Val Thr Glu He Ala Val Val Phe Lys Asp Ala 

340 345 350 

CCA CAC CAG CCT TTC GAC GGC GAC ATG ACT GTA TCC CTT GGC CAA AAC 1732 

Pro His Gin Pro Phe Asp Gly Asp Met Thr Val Ser Leu Gly Gin Asn 

355 360 365 

GCC ATC GTG ATT CGC GTG CAG CCT GAT GAA GGT GTG CTC ATC CGC TTC 1780 

Ala He Val lie Arg Val Gin Pro Asp Glu Gly Val Leu He Arg Phe 

370 375 380 

GGT TCC AAG GTT CCA GGT TCT GCC ATG GAA GTC CGT GAC GTC AAC ATG 1828 

Gly Ser Lys Val Pro Gly Ser Ala Met Glu Val Arg Asp Val Asn Met 



-7- 



385 390 395 400 

GAC TTC TCC TAC TCA GAA TCC TTC ACT GAA GAA TCA CCT GAA GCA TAG 
Asp Phe Ser Tyr Ser Glu Ser Phe Thr Glu Glu Ser Pro Glu Ala Tyr 

405 410 415 

GAG CGC CTT ATC TTg GAT GCG CTG TTG GAT GAA TCC AGC CTT TTC CCT 
Glu Arg Leu He Leu Asp Ala Leu Leu Asp Glu Ser Ser Leu Phe Pro 

420 425 430 

ACC AAC GAG GAA GTG GAA CTG AGC TGG AAG ATT CTG GAT CCA ATT CTT 
Thr Asn Glu Glu Val Glu Leu Ser Trp Lys lie Leu Asp Pro He Leu 

435 440 445 

GAA GCA TGG GAT GCC GAT GGA GAA CCA GAG GAT TAC CCA GCA GGT ACG 
Glu Ala Trp Asp Ala Asp Gly Glu Pro Glu Asp Tyr Pro Ala Gly Thr 

450 455 460 

TGG GGT CCA AAG AGC GCT GAT GAA ATG CTT TCC CGC AAC GGT CAC ACC 
Trp Gly Pro Lys Ser Ala Asp Glu Met Leu Ser Arg Asn Gly His Thr 
465 470 475 480 

TGG CGC AGG CCA TAATTTAGGG GCAAAAAATG ATCTTTGAAC TTCCGGATAC 
Trp Arg Arg Pro 

484 

CACCACCCAG CAAATTTCCA AGACCCTAAC TCGACTGCGT GAATCGGGCA CCCAGGTCAC 
CACCGGCCGA GTGCTCACCC TCATCGTGGT CACTGACTCC GAAAGCGATG TCGCTGCAGT 
TACCGAGTCC ACCAATGAAG 



1876 



1924 



1972 



2020 



2068 



2120 



2180 
2240 
2260 



gE?lJ#^§- : 2 

i#* 

eji©s : mm 
b*o^- : m 
smoms : m<omm (^udnai 

ATHGAYCAYT AYYTNGGNAA RGA 23 

BM#* : 3 

K#l©fi$ : 

mmnw. : mm 

mmmm • ^<omm (Mdna) 

GGNACNCCNK SCCANC 16 



fffltt : 4 

n&wm : mm 

mwmm:t&e>mm (^dna) 
mm 

CTGAGCTGGA AGATTCTGG 19 

mm^- : 5 
eyjoffl : mm 

mwnm : ^mm (Mdna) 

CGAAAGCTGC ATCATCATC 19 
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